Introduction
A variety of factors affect the development of essential hypertension, and although the mechanism of onset is generally poorly understood, genetic factors have been implicated in the pathogenesis of this disorder.
1,2 A study using ambulatory blood pressure monitoring suggested that genetic factors account for 30%-60% of the variation in blood correspondence: Masanobu Okayama Division of community Medicine and Medical education, Kobe University Graduate school of Medicine, arata-cho 2-1-5, hyogo-ku, Kobe, hyogo 652-0032, Japan Tel +81 78 382 6732 Fax +81 78 382 6283 email okayama@jichi.ac.jp pressure, 3 whereas a variety of other risk factors, including excess sodium intake, excess alcohol intake, obesity, weight gain, and physical inactivity, have also been associated with essential hypertension, 2 suggesting that an interaction between genetic and environmental factors is responsible for the development of hypertension. 2 During the past few years, rapid advances in genetic research, especially genome-wide association analyses, have been responsible for detecting hundreds of single nucleotide polymorphisms (SNPs) significantly associated with common diseases such as hypertension, diabetes mellitus, and hyperlipidemia. 4, 5 These findings form the basis of personalized medicine, which has the potential to enhance human health through more effective prevention, diagnosis, and treatment. 6 However, the vast majority of these SNPs are associated with very low odds ratios for common diseases. 7, 8 There is a real need for a breakthrough concerning the utility of the results of genetic research in clinical practice. Several studies have explored the psychological, behavioral, and clinical effects of disclosing the genetic risk for common diseases, although the findings have been mixed. [9] [10] [11] [12] [13] [14] [15] [16] [17] Patients expect genetic testing to precisely predict whether they are at risk of developing a specific disease and thereby to improve their ability to manage this disease, but for patients already affected by common diseases, the notification of the genetic risk for these diseases may provide little or no effect on their behavior toward preventing the disease. 9, 18 However, these previous studies have not given in-depth consideration to the influence of the patients' medical histories on the effect of disclosing a genetic risk. This oversight may be the cause of the inconsistent findings among the previous studies, and thus, solving this issue is essential to accurately determine the effects of genetic risk notification.
Reducing salt intake is an essential behavioral intervention for the prevention and treatment of hypertension. 19, 20 Furthermore, several gene polymorphisms associated with salt-sensitive hypertension have been identified, [21] [22] [23] and the issue of whether disclosure of a genetic risk for salt-sensitive hypertension modifies the patient behavior regarding salt intake must be established in order to develop effective personalized medicine. Therefore, it is necessary to examine the influence of the patients' medical histories of hypertension on the effect of disclosing the genetic risk. The purpose of this study was to clarify the difference in the effects of disclosing genetic testing results of developing salt-sensitive hypertension on the behavioral modifications with respect to salt intake in hypertensive and nonhypertensive patients.
Materials and methods study design
This cross-sectional study used a self-administered questionnaire.
Participants and measurements
Anonymous questionnaires were distributed to outpatients aged >20 years who visited primary care departments in four clinics and two small hospitals in rural and suburban areas in Japan. Data were collected during a 2-week period at each clinic or hospital from September 2009 to February 2010. Patients were handed questionnaires at the reception desks, and were told that they would not be remunerated for participation and could decline to participate without penalty. The patients filled out the questionnaire in the waiting room. Primary care physicians were not informed as to whether or not the patients answered the questionnaires.
The questionnaire included questions about the age, sex, education level, occupation ("Are you a health care worker?" [yes/no]), family, personal medical history (with regard to hypertension, diabetes mellitus, stroke, and myocardial infarction), body mass index (BMI), worries about hypertension and diabetes mellitus ("Do you worry about hypertension?" and "Do you worry about diabetes mellitus?" [yes/relatively yes/relatively no/no]), salt preference ("Do you prefer salty foods?" [yes/no]), current lifestyle behaviors (cigarette smoking, alcohol consumption, regular exercise, and salt intake), behavior stage of reducing salt intake, willingness to undergo genetic testing for salt-sensitive hypertension, and the behavioral intention of reducing salt intake after notification of the genetic testing results. The behavior stage was selected from five questions: 1) "I am not concerned about reducing my salt intake at all" (no intention of salt restriction); 2) "I must reduce my salt intake, but I cannot do it" (have the intention but not prepared for salt restriction); 3) "I am ready to start reducing my salt intake" (prepared for salt restriction in the near future); 4) "I have already reduced my salt intake within the past 6 months" (successfully altering a behavior for 1 day to 6 months); and 5) "I have been reducing my salt intake for more than 6 months" (successfully altering a behavior for more than 6 months). These questions were adapted from a questionnaire based on the transtheoretical model of behavioral change authorized by the Ministry of Health, Labor and Welfare in Japan. 24 A description of genetic testing for salt-sensitive hypertension was provided using the following sentence: "The genetic testing detects whether or not you have a genetic risk predisposing you to hypertension by excessive salt intake", 
259
Influence of hypertension on disclosing genetic testing results but no additional information was given. The willingness of the patients to be tested was determined by asking: "Would you want to undergo genetic testing for salt-sensitive hypertension?" (yes/no/do not know). The behavior intentions were measured as, the behavior stages of reducing salt intake examined after the patients had been notified of hypothetical positive or negative results of genetic testing for salt-sensitive hypertension ("If you are notified that you have a genetic risk for salt-sensitive hypertension" [If with genetic risk] and "If you are notified that you do not have a genetic risk for salt-sensitive hypertension" [If without genetic risk]). The behavior stage after notification was classified as one of the six stages, using the five questions mentioned earlier and one additional statement: "I will quit reducing salt intake" (quit salt restriction) (yes/no).
statistical analysis
Statistical analyses were performed using the STATA/MP version 13.1 software (Stata Corp LP, College Station, TX, USA). A P-value <0.05 was considered significant. Before performing the descriptive analysis, participant age was divided into three categories (<50, 50-64, and ≥65 years old). Obesity was defined as having a BMI >25 kg/m 2 . 25 On the basis of the transtheoretical model, 26 behavior stages were classified into six stages: precontemplation (no intention of salt restriction); contemplation (have the intention but not prepared for salt restriction); preparation (prepared for salt restriction in the near future); action (successfully altering the behavior for 1 day to 6 months); maintenance (successfully altering the behavior for more than 6 months); and relapse (quit salt restriction). We defined participants with a personal medical history of hypertension as hypertensive patients and those without hypertension as nonhypertensive patients. Descriptive statistics were reported as mean ± standard deviation (SD) for age and as a proportion for all other variables and categories. The Student's t-test and chi-square test were used to compare the age and the proportion of participants between the hypertensive and nonhypertensive groups, respectively.
Behavioral modifications of participants were assessed using their behavior stages before and after being notified of hypothetical genetic testing results. The assessments of the behavioral modifications were performed by dividing the participants into two groups based on their current behavior regarding salt intake. Among participants who had not begun to reduce their salt intake, their behavioral modifications were divided into three categories: progress, no change, and regress, with an increase in ≥1 stage after notification of the genetic testing results being defined as progress. For example, participants originally at the precontemplation stage, defined as being in the contemplation, preparation, or action stage following the notification, were classified as belonging to the "progress" category. On the other hand, participants showing a reduction in ≥1 stage after the notification of the genetic testing results were classified as belonging to "regress" category, and participants without any change in behavior stages before and after the notification were classified as a "no change" group. Participants who had already reduced salt intake before the notification were divided into no change and relapse groups based on their current behavior stage.
To clarify the influences of medical history of hypertension on the behavioral changes after disclosing genetic test results, logistic regression analyses were conducted among all participants and subgroups to examine differences in proportions of behavioral modification following notification of hypothetical genetic test results between the hypertensive and nonhypertensive patient groups (those <65 years old and those ≥65 years old). The progress in the participants' behavior stages, as a result of the notification, was classified as positive behavioral modifications and the regress or relapse as negative behavioral modifications.
Univariate logistic regression analysis was used to calculate the crude relative ratios (RRs) and 95% confidence intervals (CIs). Adjusted RRs (95% CIs), adjusted for age, sex, education status, salty food preferences, behavior stages before being notified of the genetic results, and willingness to be tested, were analyzed using multivariate logistic regression analysis based on the findings in our previous study. 13 However, variables that predicted failure perfectly were not adopted in the statistical analyses, that is, the behavior stages of the patients before genetic information was disclosed were not considered for the analyses of the negative effect.
ethical statement
Approval for the study and questionnaire was obtained from the Institutional Review Board of Jichi Medical University. Informed consent was obtained from each participant by responding to the questionnaire.
Results
Of the 2,237 outpatients who visited the study sites during the study period, 1,644 (73.5% response rate) completed the survey (581 males, 35.3%; 1,063 females, 64.7%). The mean age of the respondents was 57.3±17.6 years, and the numbers of hypertensive patients and nonhypertensive patients were 558 (33.9%) and 1,086 (66.1%), respectively. The mean age of participants significantly differed between the hypertensive (69.5±12.4 years) and the nonhypertensive groups 001, t-test) . Similarly, the proportion of all other items, except sex, family medical history of diabetes mellitus, and salt preference, differed significantly between the groups (P<0.05; Table 1 ).
For participants who had not begun to reduce their salt intake prior to the notification, both the proportion of behavior stages and behavioral modifications after being notified of the result "If with genetic risk" differed between the hypertensive and nonhypertensive patient groups (Table 2 ). In contrast, if participants were notified of the result "If without genetic risk", there were no significant differences between the two groups. For participants who had already been reducing salt intake, no difference in the proportions of behavior stages or behavioral modifications 
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Influence of hypertension on disclosing genetic testing results between the two groups was detected after being notified of the result "If with genetic risk" or "If without genetic risk" (Table 3) . Compared to hypertensive patients, nonhypertensive patients were more likely to make positive behavioral modifications after being notified of the result "If with genetic risk" (hypertensive patients vs nonhypertensive patients, 48.7% vs 66.1%; P<0.001, chi-square test, Figure 1 ). On the other hand, compared to nonhypertensive patients, hypertensive patients were more likely to make negative behavioral modifications after being notified of the result "If without genetic risk" (10.9% vs 7.6%; P=0.021).
Univariate logistic regression analysis (Table 4) revealed that in all participants and those aged <65 years, compared to hypertensive patients, nonhypertensive patients were more likely to make positive behavioral modifications after being notified of the result "If with genetic risk" ([crude RR {c-RR}, 2.06; 95% CI, 1.44−2.95] and [c-RR, 2.24; 95% CI, 1.37−3.67], respectively). In contrast, in all patients, compared to the hypertensive patients, nonhypertensive patients were unlikely to make negative behavioral modifications after being notified of the result "If without genetic risk" (c-RR, 0.67; 95% CI, 0.47−0.94). Furthermore, multivariate logistic regression analysis identified that in all participants and those 
P=0.021
If without genetic risk Figure 1 Behavioral modifications following notification of hypothetical genetic test results of salt sensitivity.
Notes:
The proportions of positive and negative behavioral modifications as a result of notification of hypothetical results in the hypertensive patients (black) and nonhypertensive patient (light gray) groups are presented. The proportion of positive behavioral modifications in the hypertensive patients (n=152) and nonhypertensive patients (n=608) were 48.7% (n=74) and 66.1% (n=402), respectively, after being notified of the result "If with genetic risk" (P<0.001, chi-square test); and 29.0% (n=44) and 31.6% (n=192), respectively, after being notified of the result "If without genetic risk" (P=0.531, chi-square test). The proportion of negative behavioral modifications in hypertensive patients (n=558) and nonhypertensive patients (n=1,086) were 1.3% (n=7) and 1.9% (n=21), respectively, after being notified of the result "If with genetic risk" (P=0.314, chi-square test) and 10.9% (n=61) and 7.6% (n=82), respectively, after being notified of the result "If without genetic risk" (P=0.021, chi-square test). Notes: *rr of the nonhypertension group with reference to the hypertension group; # adjusted for age (<65 vs ≥65 years), sex (male vs female), education level (high school or lower vs college and university), preferring salty foods (yes vs no), behavior stages before being notified of the genetic results (contemplation, preparation, action, and maintain vs precontemplation), and willingness to be tested (yes vs no). Abbreviations: c-RR, crude relative ratio; CI, confidence interval; ad-RR, adjusted relative ratio.
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Influence of hypertension on disclosing genetic testing results aged <65 years, compared to the hypertensive patients, nonhypertensive patients were significantly more likely to make positive behavioral modification after being notified of the result "If with genetic risk" ([adjusted RR {ad-RR}, 1.76; 95% CI, 1.12−2.76] and [ad-RR, 1.99; 95% CI, 1.11−3.57], respectively). No significant difference was detected in negative behavioral modification after being notified of the result "If without genetic risk" between hypertensive and nonhypertensive patients (ad-RR, 1.05; 95% CI, 0.70−1.57; Table 4 ).
Discussion
Previous studies have found that, in comparison with healthy controls, patients with breast cancer were significantly more interested in undergoing genetic testing 27 and that the majority of ovarian cancer patients were willing to be tested, if the genetic testing would benefit their family in terms of prediction of disease. 28 Similarly, the findings of our study indicated that a medical history of hypertension could influence the effect of disclosing the genetic risk on patients' behavioral intention and that the behavioral modification after being notified of hypothetical genetic testing results for salt-sensitive hypertension differed between hypertensive and nonhypertensive patients. The lack of assessment of patients' medical histories in previous studies on the topic could help explain the mixed findings of these reports, and hence, we propose that assessing the medical history of study participants is necessary to design trials exploring the effects of disclosing the genetic risk.
We found that about twice as many nonhypertensive patients as hypertensive patients made progress in their behavior of reducing salt intake after being notified of the result "If with the genetic risk". In the process of the behavioral change, feelings concerning importance, such as personal values and expectations of the importance of change, and confidence have been shown to contribute to the general state of readiness to change. 29 The role of outcome expectancy is essential in designing effective behavioral interventions, 30 with the outcome expectancy of nonhypertensive patients for reducing salt intake generally being the prevention of hypertension. The findings of this study indicate that disclosing the genetic risk for salt sensitivity could bring positive behavioral modifications with regard to salt intake.
Nutrigenetics aims to understand how the genetic makeup of an individual coordinates the response to diet 31 and is a promising tool for improving our knowledge about the nutrition required for optimal personal health. 32 High salt intake is associated with high blood pressure, and salt-sensitive normotensive individuals have a higher rate of incident hypertension. 33, 34 A modest reduction in salt intake for 4 or more weeks has been demonstrated to result in decreased blood pressure in both hypertensive and normotensive individuals. 35 Behavioral modification is more efficient for the prevention of hypertension in young adults and adults aged <65 years, compared to adults aged ≥65 years. In this study, after being notified of the result "If with genetic risk", nonhypertensive patients aged <65 years were more likely to make positive behavioral modifications compared to hypertensive patients. As a result of positive behavioral modifications with regard to salt intake, the disclosure of the genetic risk for salt-sensitive hypertension could help prevent the development of hypertension.
Furthermore, no difference in negative behavioral modifications between hypertensive and nonhypertensive patients was detected in this study after being notified of the result "If without genetic risk" , indicating that a medical history of hypertension would not influence the effect of the notification of "no genetic risk for salt sensitivity" on the behavioral changes of these patients. However, in our previous study, after disclosing negative test results, the patients who had already reduced salt intake, especially those with a salt preference, were likely to quit the salt restriction. 13 High salt intake is associated with increased rates of cardiovascular disease, 33 and lower sodium intake is associated with a reduced risk of strokes and fatal coronary heart disease in adults. 36 Hence, although the limits of salt intake in terms of safety are unclear, recommendations for reducing the current levels of salt consumption seem justifiable. 33 All hypertensive patients have salt-sensitive traits, and among hypertensive patients, 51% are thought to have salt-sensitive blood pressure. 37 The present study showed that 10.9% of hypertensive patients showed negative behavioral changes with regard to reducing salt intake. Hence, the disclosure of negative results may lead hypertensive patients to reduce the preventative measures taken to control their blood pressure. Counseling may be important after genetic testing, particularly when a negative result is provided.
This study has several limitations. First, the findings in this study are based on the hypothetical genetic testing: "a genetic testing that detects whether or not you have a genetic risk predisposing you to hypertension by excessive salt intake". The impact of the hypothetical genetic testing results probably did not differ from the impact produced by actual salt-sensitivity genetic test results, but further trials are required to measure behavioral modifications in response to actual salt-sensitivity genetic test results. In addition, more genetic information concerning salt-sensitive 
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Okayama et al genetic testing would typically be presented in real life than in this study. The influence of genetic information on the behavior of salt intake might be different in each setting, but further trials are required to examine this issue. Second, we compared the difference in behavioral modifications between hypertensive and nonhypertensive patients after being notified of the genetic risk. In each hypertensive and nonhypertensive group, comparison between patients who were informed of their genetic status and those who were not and between those who were informed of salt-sensitivity hypertension-related genetic tests and those who were not would be more valid. Third, low salt campaigns by local governments, nonprofit organizations, and mass media can be seen all over Japan, 38 and although the education statuses of the patients were measured in this study, their knowledge concerning the relationship between salt intake and hypertension was not questioned, and this might further influence the degree of behavioral modification. Fourth, we did not measure the grade of the participants' worries about hypertension. This might have an influence on behavioral modification; however, the degree of influence was unknown. Fifth, we did not measure the actual daily salt intake; it is reported that some single polymorphisms may modify salt taste perception, 39 although patient preference for salty foods does not always correlate with salt intake. 40 Future studies should explore the relationship between actual daily salt intake and these SNPs, while disclosing the genetic risk for salt-sensitive hypertension. Sixth, the definition of hypertensive patients was not based on their blood pressure. The anonymous questionnaires were distributed among the participants in the waiting room and they filled out the questionnaire at the same place; the clinical data were not obtained in this study. Therefore, the decision regarding whether the participants were hypertensives or nonhypertensives was made on the basis of their personal medical record in this study. Seventh, the ratio of male to female patients visiting the six primary care clinics and hospitals was not obtained in this study. It is unclear how representative the sample is of the practice populations. Eighth, all the participants in this study were Japanese in origin. Cultural, dietary, and genetic differences might have diminished or reinforced the applicability of the findings in this study, especially, differences in the daily salt intake might influence the interpretation of the findings in this study. Finally, we did not evaluate the effects of disclosure of a hypothetical genetic test result in terms of quality of life, control of hypertension, and prevention of an adverse cardiovascular outcome. In addition, we did not perform a qualitative approach concerning the mechanism of motivation for the lower salt intake. Future studies are required to clarify these issues.
Conclusion
The behavior of modifying salt intake after disclosure of genetic testing results differed between hypertensive and nonhypertensive patients, and we conclude that assessment of patients' medical histories would be necessary to design studies exploring the effects of disclosing the genetic risk. In our study, we found that disclosing a genetic risk for saltsensitive hypertension was likely to cause nonhypertensive patients, especially those aged <65 years, to improve their behavior regarding salt intake and general health. Hence, we hypothesize that the disclosure of genetic testing results could help prevent hypertension by bringing a change in the behavioral modification with respect to salt intake. In contrast, after being notified of the negative results for salt-sensitivity, hypertensive patients did not differ in making negative behavioral changes from nonhypertensive patients. However, because of the possibility of negative behavioral changes of reducing salt intake, disclosing the negative results may lead to reduced control of the blood pressure in hypertensive patients. Although further studies are needed to determine the effects of disclosing genetic testing results, we conclude that different genetic counseling strategies should be provided based on the patients' medical histories.
